The basal amygdaloid complex (BAC) topographically projects to the nucleus accumbens (Acb) in patchy, inhomogeneous patterns. These termination patterns may be related to the histological features of the Acb that define the shell, core, and adjacent ventral caudate-putamen (CPv), and the ventral striatal compartments providing output to different autonomic, motor, and endocrine targets. Knowledge of the relationships of BAC afferents with these compartments is essential for understanding the activities of amygdalostriatal circuits. Therefore, anterograde tracing experiments were performed, combined with calbindin-D,,, The results demonstrated that the caudal parvicellular basal amygdala (Bpc) projected primarily to cell clusters in the dorsal shell of the medial Acb, and to patches in the core/CPv. Fibers from the caudal accessory basal nucleus (AB) selectively reached CaB-immunoreactive cell clusters in the ventral shell, avoiding the core/CPv. The rostra1 AB projected to the same ventral shell compartments as the caudal AB; in addition, dense terminations were found in the matrix of the core/CPv, avoiding the patches. Caudal magnocellular basal amygdala (Bmg) fibers reached ventral parts of the shell, including the CaBimmunoreactive cell clusters. The caudal Bmg projected strongly to the patches of the core/CPv, evading the matrix. Finally, the rostra1 Bmg densely innervated the moderately CaB-immunoreactive lateral shell and the patches of the core/ CPv, largely avoiding the matrix. These results indicate the specific compartmental relationships of the patchy BAC terminations and suggest that BAC subregions differentially influence particular ventral striatal outputs.
The basal amygdaloid complex (BAC) topographically projects to the nucleus accumbens (Acb) in patchy, inhomogeneous patterns. These termination patterns may be related to the histological features of the Acb that define the shell, core, and adjacent ventral caudate-putamen (CPv), and the ventral striatal compartments providing output to different autonomic, motor, and endocrine targets. Knowledge of the relationships of BAC afferents with these compartments is essential for understanding the activities of amygdalostriatal circuits. Therefore, anterograde tracing experiments were performed, combined with calbindin-D,,, The results demonstrated that the caudal parvicellular basal amygdala (Bpc) projected primarily to cell clusters in the dorsal shell of the medial Acb, and to patches in the core/CPv. Fibers from the caudal accessory basal nucleus (AB) selectively reached CaB-immunoreactive cell clusters in the ventral shell, avoiding the core/CPv. The rostra1 AB projected to the same ventral shell compartments as the caudal AB; in addition, dense terminations were found in the matrix of the core/CPv, avoiding the patches. Caudal magnocellular basal amygdala (Bmg) fibers reached ventral parts of the shell, including the CaBimmunoreactive cell clusters. The caudal Bmg projected strongly to the patches of the core/CPv, evading the matrix. Finally, the rostra1 Bmg densely innervated the moderately CaB-immunoreactive lateral shell and the patches of the core/ CPv, largely avoiding the matrix. These results indicate the specific compartmental relationships of the patchy BAC terminations and suggest that BAC subregions differentially influence particular ventral striatal outputs.
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The nucleus accumbens (Acb) and the basal amygdala have been linked as components of a brain network subserving stimulusreward/punishment-related processes (Cador et al., 1989; Everitt et al., 1989 Everitt et al., , 1991 and the motor/effecter activities of basic biological drives (Mogenson et al., 1980) . This is consistent with the anatomical findings that Acb outputs, directly and via the ventral pallidum (VP), reach structures important for coordinating complex motor and autonomic responses, such as the lateral hypothalamus, ventral tegmental area (VTA), substantia nigra (SN), midbrain extrapyramidal area (MEA), and periaqueductal gray (PAG) (Nauta et al., 1978; Heimer et al., 1991; Berendse et al., 1992a; Groenewegen et al., in press) . Via the basal amygdala, the Acb receives highly processed viscerosensory and auditoq information (Turner and Herkenham, 1991; LeDoux, 1992) . These projections are topographically arranged such that the caudal basal amygdaloid nucleus projects to the medial Acb, whereas rostra1 parts send fibers laterally (Kelley et al., 1982; MacDonald, 1991a,b) . However, the termination patterns are patchy, and it is unclear whether this heterogeneity is related to the different histochemical and cellular features of the Acb.
The Acb has two major subregions-the shell and the coredefined by a variety of histochemical, cellular, hodological, and electrophysiological criteria (ZBborszky et al., 1985; Voorn et al., 1989; Zahm and Heimer, 1990; Heimer et al., 1991; Pennartz et al., 1992; Zahm and Brog, 1992; Jongen-R&lo et al., 1993 Jongen-R&lo et al., , 1994 . Based on similar criteria, these two subregions are further compartmentalized. For example, the shell has different longitudinally oriented zones (Wright and Groenewegen, 1995) , distinguished by different calbindin-D,,, (CaB) lmmunoreactivities (Voorn et al., 1989; Jongen-R&lo et al., 1994) , cellular densities (Herkenham et al., 1984) , and projections to either the VTA or MEA/PAG (Berendse et al., 1992a) . The core and adjacent ventral caudateputamen (CPv) contain patches with low CaB immunoreactivity surrounded by a CaB-rich matrix containing cells projecting to the dopaminergic and nondopaminergic SN, respectively (Berendse et al., 1992a) . This pattern of organization is like that of the dorsal striatum, in which striatal compartmentation was first described (Graybiel and Ragsdale, 1978; Gerfen et al., 1987) .
Basal amygdaloid projections to the dorsal striatum demonstrate specific compartmental relationships. For example, in cats the basal amygdala projects preferentially to patches (Ragsdale and Graybiel, 1988) , whereas in rats amygdaloid projections principally reach the matrix (Kita and Kitai, 1990) . Likewise, the heterogeneous patterns of the caudal basal amygdaloid terminations are related to the Acb compartments, because the (parvicellular) basal amygdala gives selective input to the cell cluster zone of the caudomedial Acb and to patches in the medial core/CPv (Wright and Groenewegen, 1995) . However, the basal amygdaloid complex (BAC; i.e., the basal and accessory basal nuclei) projects to a large extent of the ventral striatum (McDonald, 1991b; Brog et al., 1993) . From the latter studies, it remains unclear whether specific compartments are involved.
Because the Acb compartments reflect specific output pathways, probably with different functional (motor and autonomic) affiliations, knowledge of the precise organization of amygdaloid afferents is important for understanding the activities of amygdalostriatal circuits. We therefore examined the specific immunohistochemical and cytoarchitectural relationships of the BAC afferents in the Acb, using simultaneous visualization of anterogradely labeled fibers and CaB immunoreactivity or Nissl substance. m-PAP for 1 hr, and CaB IR was visualized using DAB. Finally, sections were rinsed, mounted, and coverslipped as for other experiments. In all the above experiments, stained sections were charted using standard light microscopy and a drawing tube. Charting of anterogradely labeled fibers and CaB IR or cytoarchitectural features shown with Nissl stain was similarly performed. Amygdula nomenclature.
In general, we follow the rat amygdala nomenclature of Price et al. (1987) . With respect to the basal amygdaloid nucleus, rostra1 magnocellular (Bmg) and caudal parvicellular (Bpc) portions are recognized (see Fig. 3A -F). These correspond to the anterior and posterior basolateral amygdala (Krettek and Price, 1977; McDonald, 1991a; Alheid et al., 1995) . We also recognize a rostrocaudally extensive accessory division of the basal amygdala (AB) (see Fig. 3A -F). However, we explicitly include in our definition of the AB the large-celled, ventral division of the basolateral amygdala (BLv of McDonald, 1991a; Alheid et al., 199 .5), and we parcel the remainder of the AB according to the description of Turner and Zimmer (1984) (see also McDonald, 1991a; Alheid et al., 1995) . Thus, we distinguish a magnocellular AB (ABmg) that is coincident with the BLv [and with the AE$ of Turner and Zimmer, (1984) ], and a parvicellular AB (ABpc) that includes Turner and Zimmer's (1984) AB rostrally, AB, midrostrocaudally, and AB, caudally (Turner and Herkenham, 1991) .
RESULTS lmmunohistochemical and cellular features of the Acb
As in previous studies (Voorn et al., 1989; Zahm and Brog, 1992; Jongen-RClo et al., 1994; Wright and Groenewegen, 1995) CaB immunohistochemistry was used to define the shell, the core, and the adjacent CPv of the Acb. Four different rostrocaudal levels of the Acb immunostained for CaB are illustrated in Figure At the most caudal level of the Acb, the transition area of the bed nucleus of the stria terminalis (BNST) and the shell of the Acb (Fig. L4) were marked dorsally by CaB-positive cells and ventrally by homogeneous, light CaB IR. At this caudal level, the lateral shell showed moderate CaB IR. In the core/CPv, lightly staining patches were visible (Fig. lA) . At the level of the major island of Calleja (iCjm; Figs. lB, 2A), the shell was characterized by its general, weak staining intensity for CaB (Voorn et al., 1989; Zahm and Brog, 1992; Jongen-RClo et al., 1994; Wright and Groenewegen, 1995) . However, both the CaB and Nissl staining showed distinct inhomogeneities in the form of weak homogeneous CaB IR zones, distinct from the cell clusters (Nissl) with very low (or no) CaB IR or CaB-immunoreactive neurons (Wright and Groenewegen, 1995) . The moderately CaB-immunoreactive lateral shell and the patches and matrix of the core/Cl% were all prominent at this level. More rostrally (Fig. lC) , the light, homogeneous CaB IR medial shell is divided into dorsal and ventral parts by a region with CaB-immunoreactive cells and spots having very low or no CaB IR associated with small cell clusters in the Nissl staining (Fig. 2B ). At the most rostra1 level (Fig. lo) , CaB staining demonstrated a lightly staining central area with a partly circumferential, darkly staining region, which was most evident ventrally overlying the anterior commissure.
General aspects of BAC injections Anterograde tracers (BDA or PHA-L) were deposited at various rostrocaudal levels throughout the BAC (Figs. 3, 4) . The deposits extended -250-1000 pm in the rostrocaudal direction and were spherical or ellipsoidal. All injections examined were restricted to subregions of the Bmg (Fig. 4A-D) , AB ( Fig.  4E-F) , or Bpc (Fig. 4G) .
Labeled fibers from the BAC coursed toward the Acb by two major pathways. Fibers originating in the rostra1 two-thirds of the Bmg primarily reached the Acb directly via the external capsule. Fibers stemming from all other regions of the BAC (including the caudal third of the Bmg and all regions of the AB and Bpc) reached the Acb primarily via the stria terminalis and BNST. From the BNST, these fibers directly entered the medial parts of the Acb (including the core/Xv) caudal to the crossing of the anterior commissure, or extended rostrally past the commissural crossing to enter the media1 Acb.
As in previous studies, a gross medial-to-lateral topography of basal amygdala afferents to the ventral striatum was evident (Kelley et al., 1982; Russchen and Price, 1984; Kita and Kitai, 1990; McDonald, 1991a,b; Shinonaga et al., 1994) . For example, injections in the caudomedial Bpc resulted in dense collections of labeled fibers medially in the Acb, whereas those in the rostra1 Bmg led to labeling laterally (compare Figs. 5 and 11). Fibers from the AI3 were densest in the central Acb, avoiding the dorsomedial and ventrolateral extremes (Figs. 6, 8) . For the following description of the amygdalostriatal projections, the emphasis is on the immunohistochemical and cytoarchitectural relationships of these fibers. In keeping with the known topography of the basal amygdalostriatal fibers, we examined these relationships proceeding from medial to lateral in the Acb. Thus, the histochemical relationships of labeled fibers from the Bpc injections ( The bulk of labeled fibers to the media1 Acb arose from caudomedial Bpc injections (93221B, 93260P; Fig. 3F ,F'). These fibers passed through medial parts of the dorsomedial BNST/shell transition area, producing a fork-shaped pattern of intense fiber labeling in the dorsomedial part of the caudal shell ( Fig. %I$? ). Fibers were associated with areas of very low CaB IR or areas containing CaB-immunoreactive cells in the cell cluster zone (Wright and Groenewegen, 1995) but avoided those areas having low, homogeneous CaB IR (Fig. 5B ). In the medial core/CPv, fibers were present in patches and near the shell/core border, as well as medially in the OT. In the more rostral, compared with caudal shell, fewer labeled fibers were observed, located primarily along its medial and lateral borders (Fig. 5C ). Fibers were also found along the dorsal/ventral border region of the rostra1 shell in association with CaB-immunoreactive cells and spots with very low or no CaB IR. The surrounding areas with light, homogeneous CaB IR were avoided. At the most rostra1 level (Fig. 5D ), a bundle of fibers oriented toward the medial prefrontal cortex was present along the medial edge of the Acb. Otherwise, only a small number of fibers were present primarily in areas with dark CaB staining, and in the medial AOP.
Other Bpc injections
In general, injections in the caudolateral (93199B, 93273P, 94140P; Fig. 3F ,F'), compared with the caudomedial (93221B, 93260P; Fig. 3F ,F'), parts of the Bpc gave rise to fewer labeled fibers in the Acb. These fibers involved the same histochemically defined areas as those from caudomedial Bpc and extended somewhat further ventrally in the caudal shell. Injections primarily involving rostra1 parts of the Bpc (9328OP, 95037B) gave similar results as those located caudolaterally. Lateral injections centered at midrostrocaudal levels of the Bpc (9322OP, 93281P; Fig. 3E , E') gave somewhat denser labeling in ventral parts of the caudal shell and in the medial patches of the core than did the caudolateral injections. An injection centered medially at midrostrocaudal levels of the Bpc (9326713; Fig. 3E ,E'), compared with those centered caudomedially, resulted in less dense projections to the same histochemically defined areas.
lmmunohistochemical and cytoarchitectural relationships of accessory basal amygdaloid afferents to the Acb
Caudal ABpc injections
The majority of labeled fibers from injections in the caudal parts of the AEIpc (94036B, 94246P, 95013P, 95014P) extended through more lateral parts of the dorsomedial BNST/shell transition area compared with the fibers of the Bpc (Fig. 6A vs Fig. 54 ). In sections at the level of the iCjm (Fig. 6B) , patchy collections of labeled fibers were concentrated ventromedially in the shell, where they were associated with regions having very low CaB IR or CaB-immunoreactive cells and cell clusters (see Figs. 6B, 7A ,B). The fibers from caudal AB injections, like those from caudomedial Bpc injections, avoided the regions in the medial shell with moderate cell density staining lightly (and homogeneously) for CaB (see Figs. 6B, 7A,B). In the core/CPv, occasional labeled fibers were observed in the matrix along the shell/core border and, rarely, in a patch. In the ventromedial parts of the OT, a substantial concentration of labeled fibers was present (Fig. 6B) . In all parts of the two most rostra], compared with caudal sections through the Acb, the concentration of labeled fibers was greatly reduced. In the section in which the core/CPv was apparent, the few remaining fibers in the Acb were associated with the dorsal/ventral shell border region and with the ventromedial OT (Fig. 6C ). In the most rostra1 section, the few remaining fibers were associated primarily with the OT and ventromedial AOP (Fig. 60) .
Further aspects of caudal ABpc injections Other injections in the caudal ABpc demonstrated the same immunohistochemical and cytoarchitectural relationships as noted above, and no significant differences in projection patterns were seen when injections at different rostrocaudal positions in the caudal ABpc were compared (Fig. 3E,E',F,F' ). However, a medial-to-lateral gradient in the shell was noted when injections involved different extents of the medial or lateral parts of the caudal ABpc. Thus, a medially positioned injection (95013P) gave rise to a greater density of labeled fibers medially in the ventromedial shell along the border with the iCjm and the medial OT, compared with laterally in the ventromedial shell along the border with the core. A laterally positioned injection (95014P) resulted in a greater density of labeled fibers laterally, compared with medially, along the ventromedial shell border. In general, projection patterns in the ventromedial shell were reflective of the extent to which injections (94236B, 94236P, 94246P) involved the medial or lateral parts of the caudal ABpc. The injection (94236P) presented above involved a large extent of the caudal ARpc (Fig. 8A,B) . Ventrally in the caudal shell, fibers were associated with CaB-immunoreactive cells and cell clusters and the adjacent (ventromedial) parts of the moderately CaBimmunoreactive lateral shell (Fig. 8B) . The rest of the medial and lateral shell (Fig. 8B ) was virtually free of fibers. In the core/CPv, fibers were almost entirely restricted to the matrix and were only very rarely found in patches (Figs7C,D, 8A,B) . The most medial and lateral parts of the core/CPv had fewer fibers compared with the central parts surrounding the anterior commissure. In the caudal OT, projections were concentrated ventrally.
Rostra1 sections through the Acb (Fig. 8C,D) exhibited far fewer labeled fibers than caudal sections with the exception of olfactory structures. In the rostra1 parts of the shell, fibers were limited to the dorsal/ventral border region and the lateral shell and avoided areas with light, homogeneous CaB staining. The few E y \ -3.80 ( -3.80 \ acetylcholinesterase histochemistry. AI-F' show the rostrocaudal location and case number of BDA (case number is followed by a B) or PHA-L (case number is followed by a P) tracer injections (see Fig. 4 ). Injections from cases used for drawings in Figures 5, 6 , 8, 9, and 11 are indicated in italic bold type. Scale bar, 1 mm. fibers in the core/CPv were limited mostly to the matrix adjacent to the anterior commissure. In the most rostra1 Acb (Fig. 8D) , occasional fibers present expressed a slight preference for CaBrich areas, whereas many fibers were concentrated in central parts of the AOP.
Further aspects of ABpc injections
The available injections (90092P, 94250B, 94251P, 94251P; Fig.  3C ',D') showed no differences in the topographic patterns of midrostrocaudal ABpc projections to the Acb. It was only found that injections in rostra1 parts of the ABpc (9425OP, 95OOlP, 95002B; Fig. 3A' ,B') gave very few projections to the Acb. These fibers were restricted to the ventral BNST/shell transition area and to ventral parts of the shell more caudal than shown here.
ABmg injections
Injections restricted principally to the ABmg (8848OP, 8860213, 94251B, 95075P; Fig. 3B ',C') gave rise to labeling in the Acb like that after midrostrocaudal Al3pc injections. Thus, fibers in the shell were limited mostly to its caudal and ventral portions and Wright et al. l Rat Amygdalostriatal Afferent Compartmentalization were associated with CaB-immunoreactive cells. In the core/CPv, fibers were concentrated in the matrix and avoided the weakly CaB-immunoreactive patches. However, the densest labeling in the core/CPv from ABmg injections was found ventrally and laterally to the anterior commissure, whereas fewer projections were observed dorsally and medially. lmmunohistochemical and cytoarchitectural relationships of basal magnocellular amygdaloid afferents to the Acb Caudal Bmg injections Injections (95013B, 94237B, 95002P, 95001B) in caudal parts of the Bmg (Fig. 3C',D' ) gave rise to fibers in the caudal shell with similar immunohistochemical and cytoarchitectural affiliations as those of the midrostrocaudal ABpc, the ABmg, and the caudomedial Bpc. Thus, many labeled fibers were found medially and ventrally in the shell in association with CaB-immunoreactive and CaB-poor cell cluster regions, whereas very few were present in the areas of the medial shell with low, homogeneous CaB IR or in the moderately CaB-immunoreactive lateral shell (e.g., injection 94237B; Fig. 9A,B) . In the caudal core/Xv, dense collections of labeled fibers in the medial patches were present after the caudal Bmg injections (Figs. 9A,B , loA), in sharp contrast to the strong labeling found in the matrix after midrostrocaudal ABpc and ARmg injections. However, a small number of fibers were seen in the medial parts of the matrix adjacent to its border with the shell. In the caudal OT, fibers were concentrated ventrally and medially.
In sections through the rostra1 shell (Fig. 9C) , labeled fibers from caudal Bmg injections, in contrast to those from other injections, were present along the dorsal/ventral shell border as well as dorsally in the area with low, homogeneous CaB IR. In the core/U%, fibers occupied the medial-most patches and generally avoided the matrix. The few fibers observed in the most rostra1 Acb were in the central areas with low, homogeneous CaB IR (Fig. 9D) . In rostra1 olfactory structures, the ventral and medial parts of the OT contained dense fiber plexi, whereas fibers in the AOP were limited to a small dorsal region.
Projections from the rostra1 Bmg
As noted above, labeled fibers from rostra1 injections in the Bmg (Fig. 3A' ) entered the Acb primarily via a direct route through the external capsule. In the caudal sections of the Acb (Fig. lL4) , labeled fibers in the shell were limited principally to its moderately CaB-immunoreactive lateral part. At the level of the iCjm, fibers were also associated with CaB-immunoreactive cell clusters in the ventral-most regions of the shell (Fig. 11B ). In the core/ CPv, fibers were present in all the patches at the level of the anterior commissure and more dorsally (Fig. 11A,B) , with the laterally positioned patches having a somewhat denser concentration of labeled fibers than those positioned medially (Fig. 10&D) . In the matrix, small, patchy collections of fibers were restricted to t J. Neurosci., March 1, 1996, 76(5):1877-1893 1885 its lateral part. Fibers in the OT were concentrated laterally and tapered off in density medially. Rostrally in the Acb (Fig. 1 lC) , labeled fibers were also laterally positioned, involving the dorsal/ventral shell border zone and the regions ventral and lateral to this, including the rostra1 parts of the lateral shell. In the core/CPv, fibers involved the lateral patches to a greater extent than the medial ones, and very few fibers were present laterally in the matrix. Most rostrally (Fig. llD) , fibers were concentrated ventrally in the area staining darkly for CaB and in the lateral parts of the AOP.
Further aspects of Bmg injections No major differences in histochemical relationships or projection patterns were observed when injections in different parts of the caudal Bmg were compared with one another (94237B, 95001B, 95002P, 95013B; Fig. 3C',D' ) or when those in different parts of the rostra1 Bmg were compared (94008P, 94017B, 94018B, 9407OP, 94148B, 94149B, 94151P, 94288B; Fig. 3A' ). However, medial (94052P, 94069P, 94139P) and lateral (94229B, 94240P) injections in the midrostrocaudal parts of the Bmg (Fig. 3&B' ) gave rise to different projection patterns that involved the immunohistochemical and cytoarchitectural features of the Acb to different extents.
Injections in the medial parts of the midrostrocaudal Bmg (94052P, 94069P, 94139P; Fig. 3B ,B'), compared with rostra1 injections (Fig. 3&l') , resulted in fewer labeled fibers laterally, but in more fibers ventrally in the caudal shell and ventrolaterally in the rostra1 shell. Substantial collections of fibers were present in the patches of the core/CPv directly dorsal to the anterior commissure. In the matrix, labeling was restricted to small areas of the lateral core. In contrast to the rostra1 and caudal Bmg injections, medially positioned midrostrocaudal injections resulted in more fibers in centrally located patches (e.g., above the anterior commissure) than in medially and laterally located patches. Thus, fibers from medial, midrostrocaudal injections resulted in a pattern of labeling intermediate to that observed after rostra1 and caudal Bmg injections.
The pattern of labeled fibers observed after injections in lateral parts of the midrostrocaudal Bmg (94229B; 94240P; Fig. 3B ,B') resembled that found after injections in the rostra1 parts. Thus, fibers were present in the lateral, moderately CaB-immunoreactive shell, and in the directly adjacent patches and medial matrix. However, compared with the rostra1 Bmg injections, the lateral midrostrocaudal injections resulted in weaker labeling in the lateral shell, but in stronger labeling in the adjacent matrix. DISCUSSION Topographical aspects of BAC afferents to the Acb The present study confirms the mediolateral organization of the major Acb projections from the Bpc and the rostra1 Bmg as shown by previous authors (Kelley et al., 1982; Russchen and Price, 1984;  Fig. 6B ; injection 94236P). In C and D, relationships of afferents from the midrostrocaudal AB with the compartments in the core of the Acb are illustrated. Photomicrographs show anterogradely IabeIed fibers and CaB immunohistochemistry. Fibers from the mid ABpc (injection 94251P; area shown in C is as indicated in Fig. 8B ) are preferentially found in the CaB-rich matrix of the core, and avoid weakly CaB-immunoreactive patches. Scale bars: A, B, 150 pm; C, D, 50 pm.
Kita and Kitai, 1990; McDonald, 1991a,b; Brog et al., 1993; Shinonaga et al., 1994; Wright and Groenewegen, 1995) . In addition, caudal parts of the Bmg at the midrostrocaudal level of the BAC give rise to substantial projections to central parts of the Acb located between the medially and laterally positioned projection areas of the rostra1 Bmg and caudomedial Bmg, respectively (Fig.  12) . This is in agreement with the results of Russchen and Price (1984) and McDonald (1991b), but not with those of Shinonaga et al. (1994) , who suggested that midrostrocaudal parts of the basal nucleus project to lateral parts of the Acb. The presently found topography within the Bmg projections to the Acb (i.e., rostra1 and lateral parts to the lateral, and caudal and medial parts to the central and ventral Acb) is consistent with the fact that the medial Bmg is continuous with its caudal parts (see Fig. 4B ,C) and with McDonald's (1991b) findings of distinct differences between the striatal projections of the medial and lateral parts of the Bmg. are at four different caudal-to-rostra1 levels and are based on adjacent CaB-and Nissl-stained sections as described in the legend of Figure 5 . The region indicated in B is shown in the photomicrograph of Figure 7C . Scale bar, 1 mm. Figure 9 . Patterns of fiber labeling at four different caudal-to-rostra1 levels of the Acb after a BDA injection in the caudal magnocellular basal nucleus (Bmg; 95013B). A-D, Drawings are based on adjacent CaB-and Nissl-stained sections as described in the legend of Figure 5 . The region indicated with a rectangle in A is shown in the photomicrograph of Figure  1M . Scale bar, 1 mm. Figure IO . Fibers from the Bmg are located preferentially in patches of the core/CPv. Photomicrographs are of sections stained for anterograde tracer and CaB IR. A, Fibers from the caudal Bmg (95013B) innervate a patch in the medial core/C% located laterally along the ventricle, as indicated in Figure 9A . B, Projections from the rostral Bmg (9407OP) reach a patch located rostrally and laterally in the core/C& (area as indicated in Fig. 11C ). Fibers in the ventrolateral matrix (arrows) extend into the patch. Very few fibers are seen dorsally in the matrix. C, Patch located more dorsally in the CPv compared with those shown in B andD. Fibers extend into this patch (9407OP) from the lateral matrix (arrows). Within the patch, fibers are reduced in density medially compared with laterally. D, Patch in the caudal core/CPv (as indicated in Fig. X4 ) innervated by the Bmg (9407OP). Scale bars: B, C, 50 pm; A, D, 50 pm.
Little information is available regarding the precise topography of AB afferents in the Acb; it has been reported that the AE% projects to both the medial (Brog et al., 1993) and ventrolateral Acb (McDonald, 1991b) . The location of the AESmg [Turner and Zimmer's (1984) AB, and the BLv of Alheid et al. (1995) ] with respect to the basal nuclei, and the fact that the projections of the ABmg to the Acb overlap with and are topographically related to those of the midrostrocaudal ABpc, supports the inclusion of the ABmg in the AB complex. As shown in the present study, the projection patterns of the AB are complementary to those from the Bmg and Bpc, and also express a medial-to-lateral topography in the Acb based on the caudal-to-rostra1 position of the projecting neurons (Fig. 12) . This explains the differences in the projection patterns as inferred from retrograde studies (McDonald, 1991b; Brog et al., 1993) .
lmmunohistochemical and cellular relationships of BAC afferents in the Acb
It has been demonstrated previously that basal amygdaloid projections to the dorsal striatum (Ragsdale and Graybiel, 1988; Kita and Kitai, 1990) and Bpc projections to the medial Acb (Wright and Groenewegen, 1995) respect compartmental boundaries. The present study indicates that such highly selective relationships are a general organizational principle of the BAC-Acb tierent system (Figs. 12, 13) . Thus, for example, projections from the caudal Bmg and midrostrocaudal AB project to the same compartments in the caudal shell, but to complementary compartments in the core/CPv.
Whereas the BAC aiferents tend not to overlap in the caudal Acb shell, AB and caudal Bmg afferents overlap significantly in the CaB-immunoreactive cell clusters of the ventral shell. This suggests that the neurons in the ventral shell consolidate or integrate incoming signals from the BAC. In the core/CPv, the situation is quite different because the AB projects primarily to matrix and the Bmg predominantly to patches. It is also noteworthy that none of the 43 BAC injections examined resulted in significant projections to the centrally located, moderately cell-dense zone of the medial shell. This zone harbors the low CaB-immunoreactive cone-shaped area (Voorn et al., 1989) and receives dense paraventricular thalamic and Wright et al. l Rat Amygdalostriatal Afferent Compartmentalization hippocampal subicular projections (Herkenham et al., 1984; Groenewegen et al., 1987, in press; Berendse and Groenewegen, 1990; Wright and Groenewegen, 1995) . Thus, the inputs to the caudal half of medial shell may be strictly segregated between two major projections areas, each of which have different output targets (see below and Fig. 12B ). The fact that prelimbic cortical inputs avoid the moderately cell-dense zone but overlap with amygdaloid inputs supports this conjecture (Berendse et al., 1992b; Wright and Groenewegen, 1995) .
implications for Acb compartmentalization The highly specific relationships of the BAC inputs with the above-mentioned histochemical and cellular features support the notion that the Acb is a multicompartmental structure (Brog et al., 1993; Jongen-Relo et al., 1993; Wright and Groenewegen, 1995) with several rostrocaudally extensive zones in the shell and a patch/matrix organization in the core/CPv (Figs. 12, 13) .
Compartments of the Acb have been defined as specific regions with characteristic histochemical, cytoarchitectural, and connectional features. Thus, the medial shell has been divided into a cell cluster zone and a moderately cell dense zone (Wright and Groenewegen, 1995) . The present results confirm this and further suggest that a ventral cell cluster zone exists that receives projections from the caudal ABpc, caudal Bmg, midrostrocaudal ABpc, and ABmg. This zone provides efferents to the MEA and ventrolateral PAG, as well as to the dopaminergic lateral VTA and medial SN pars compacta (SNc) (Berendse et al., 1992a; Groenewegen et al., in press ). The lateral shell also appears to represent a specific zone, given its characteristic moderate CaB IR and the specific afferent projections from the rostra1 Bmg. In several studies it has been reported that the Bmg provides input to lateral parts of the Acb (Kita and Kitai, 1990; McDonald, 1991a,b) , including the shell (Brog et al., 1993) , but without notion of the specific relationships with the histochemical features of the lateral shell. Unfortunately, without knowledge of the precise outputs of this area, our designation of the lateral shell as a specific compartment remains tentative.
Likewise, although there are specific relationships between the BAC afferents and the patterns of CaB IR in the rostra1 Acb, little is known about the relationships of output cells with the histochemical features of the rostra1 Acb. Nevertheless, in the most rostra1 parts of the Acb, including the rostra1 pole (Zahm and Brog, 1992) , it appears that the CaB-poor central area and CaB-rich peripheral areas designate different compartments. This is supported by the findings that these areas receive inputs from specific combinations of BAC nuclear divisions (Fig. 13) and have different output patterns (for example, to the entopeduncular nucleus and the lateral preoptic area, respectively) (Zahm and Heimer, 1993) . In the core/CPv, afferents from the BAC have strong preferences for either the CaB-poor patches or the CaB-rich matrix (present results) (Kita and Kitai, 1990; Wright and Groenewegen, 1995) . Thus, fibers from the basal nucleus (Bpc and Bmg) are positioned to influence the entire patch compartment of the core/CPv, but only very restricted portions of the matrix. In contrast, the midrostrocaudal ABpc and the ABmg together project preferentially to the entire matrix area surrounding the anterior commissure and tend to avoid the patches. Because the patch compartment sends output to the dopaminergic SNc and the matrix to the nondopaminergic SN pars reticulata (SNr) (Gerfen et al., 1987; Berendse et al., 1992a) , it is probable that specific parts of the basal amygdala and Al3 can selectively influence the dopaminergic and the nondopaminergic SN, respectively. 
SNr
Functional implications for amygdalostriatal systems The amygdala is an essential component for evaluating the biological relevance of sensory information (internal and external) and subsequently orchestrating the different bodily activities involved in behavioral responses (Weiskrantz, 1956; LeDoux, 1991 LeDoux, , 1992 Everitt and Robbins, 1992) . The external and internal signals necessary for making such associations probably reach the amygdala via the sensory thalamus and cortex (LeDoux et al., 1990; LeDoux, 1991 LeDoux, , 1992 Turner and Herkenham, 1991) . In investigating the mechanisms by which the amygdala orchestrates behavior, studies have emphasized the connections of the central amygdaloid nucleus with ventral forebrain structures (e.g., hypothalamus, BNST, and extended amygdala) that can influence the endocrine pituitary and autonomic brainstem centers (Swanson and Mogenson, 1981; Davis, 1986 Davis, , 1989 Ray et al., 1987; Alheid and Heimer, 1988; LeDoux et al., 1988 Berendse et al. (1992a) and Groenewegen et al. (1995) . The question murk indicates that the output targets of the lateral shell are unknown. The arrowhead with a question mark indicates uncertainty about the compartmental origin of Acb projections to the ventral pallidum (W) and lateral hypothalamus (LH).
(i.e., the basal, accessory basal, and lateral nuclei) on brainstem motor centers, such as the PAG, MEA, and dopaminergic SNc via the ventral forebrain, as well as the Acb (Mogenson, 1987; Holstege, 1991; LeDoux, 1991; Turner and Herkenham, 1991; Everitt and Robbins, 1992) . A series of behavioral studies have demonstrated that the basolateral amygdala and the Acb must be intact for rats to preferentially act on associations made between external sensory cues and biologically important goals, such as nourishment (in the case of hunger or thirst) and sexual reproduction (Cador et al., 1989; Everitt et al., 1989 Everitt et al., , 1991 .
Our studies delineate the precise routes by which the BAC, via the Acb, may influence the above-mentioned brainstem motor areas, and further indicate that the BAC can modify both motor and reward/incentive systems via cells in the Acb projecting to the nondopaminergic SNr and the lateral parts of the VTA, respectively (Fig. 12) . In addition, the present results suggest that specific subregions of the BAC relay, via the compartments in the Acb, different aspects of sensory information to different autonomic and motor nuclei of the brainstem. For example, the Al3 may relay multimodal sensory information primarily of auditory and visceral origin (LeDoux, 1991; Turner and Herkenham, 1991) via the shell of the Acb to the lateral VTA, and via the matrix of the core to the SNr. The Bmg and Bpc probably transmit primarily viscerosensory signals (LeDoux, 1991; Turner and Herkenham, 1991) via the shell to the ventrolateral PAG, MEA, and lateral VTA, and via the patches in the core to the dopaminergic SNc. Finally, although the Acb is considered an important gateway to autonomic and motor centers in the brainstem, it is also positioned to interact with the prefrontal cortex via the VP or SNr and the medial thalamus (Alexander et al., 1990; Deniau et al., 1994; Groenewegen and Berendse, 1994) . It is currently difficult to speculate which prefrontal cortical areas might be accessible to the BAC via the A&-VP route, because the precise organization of the cells in the Acb that project to the VP is unknown. However, based on our present anatomic data (Fig. 12) and on recent physiological evidence (Deniau et al., 1994) , the BAC may have access to the prelimbic prefrontal cortex via projections from the AB to the matrix of the core and, subsequently, via the SNr and the medial thalamus. Notably, the projections from the prelimbic cortex area reach autonomic centers in brainstem and spinal cord (Hurley-Gius and Neafsy, 1986; Sesack et al., 1989; Neafsy, 1990; Hurley et al., 1991) . Thus, it also must be considered that the BAC-Acb system may also influence autonomic functions via the prefrontal cortex. Further studies will be necessary to establish whether other routes through the Acb exist whereby the BAC could modulate motor and endocrine activities of the prefrontal cortex. 
REFERENCES

